Vacuum extraction dates back to the 18th Century [1] , MALMSTRÖM first introduced a fully practicable vacuum extractor äs an operative method of delivery about 20 years ago [2] , Vacuum extraction has since found increasing application and is considered in many countries to be äs useful äs forceps.
Numerous articles have been published concerning technique and clinical application of vacuum extraction. To date, however, there has been no direct research, äs far äs wc know, about the extent of the effective tractive forces and the length of application during the extraction. Because of this lack criteria based upon subjective judgments were used to characterize a vacuum extraction. Such criteria are insufficient for objective analysis of tractive forces.
We have therefore developed a device for the recording of tractive forces in vacuum extractions äs presented in the last issue of this Journal [4] . In connection with that article we are now reporting our first results.
Gase material and methods
During the period from April 1972 to February 1973 we investigated 74 clinically indicated vacuum extractions with the above mentioned apparatus. For the measurement of the force-time-integral (FTI) the record was evaluated planimetrically by means of a transparent overlay. The planimetrically evaluated result represents the time integral of force = / Fdt = FTI (force-timeintegral). l mm 2 on the recording paper corresponds to 3.75 kpsec (= 36.78 kgm/sec) at a recording speed of 2 cm per minute.
Results
Tab. I presents a survey of the indications for operative delivery by vacuum extractor in our material. In more than 80% of the cases vacuum extraction was indicated by delay of second stage or acidity-increase determined by fetal blood sampling. mid-pelvic-plane (n = 44) and pelvic floor (n = 22). In 6 cases the baby was extracted from the pelvic outlet and in only 2 cases from the pelvic inlet. We used exclusively the largest suction cup with a diameter of 6 cm.
As expected the duration of the vacuum extraction, the number of individual tractions, the magnitude of the maximum tractive force correlate with the level of the fetal head (see Tab. II). The higher the position of the fetal head at the beginning of the vacuum extraction the longer the duration of the operative measure and the greater the number of individual tractions and the magnitude of the maximum tractive force. In 22 cases the maximum tractive force waŝ 20 kp. In 10 of these 22 cases the suction cup came off. There was no coming off of the suction cup with a maximum tractive force of less than 20 kp. It is possible for the suction cup to come of s well in cases of less tractive force. In such cases, however, the threat of coming off can be recognized in time by the sound of entering air, so that the tractive force can be interrupted early enough. In half the cases of coming off we found depressed newborns (n = 5). The total number of depressed newborns was 11. The force-time-integrals show similar results. The force-time-integral increases corresponding to the level of the fetal head. Tractions with FTI-values of less than 375 kpsec where required chiefly for extractions frorn the pelvic floor and the pelvic outlet. Tractions of more than 1500 kpsec were necessary only for extractions from higher pelvic levels (Fig. 2) . In the first group there are no cases of depressed newborns, in the second 5 (16%) and in the third 6 (33%). The depression of the newborn might be a resült of the vacuum extraction or could be caused by other factors; this question remains to be resolved. To settle this problem we are applying the measurement of the pHvalue in the blood of the umbilical artery immediately post partum, part of our clinical routine for the past several years. The pH-values of two of these 11 newborns were normal pH ^ 7.25). In two cases there was an increase in acidity (pH 7.24-7.20), in 6 newborns a slight acidosis was found (pH 7.19-7.15) and l newborn had an advanced acidosis (pH 7.02). This enables us to exclude fetal hypoxia äs a j cause of depression in at least four cases, so that we have to consider a relation between the vacuum extraction and the depressed state of the newborn.
Discussion of the Undings
The results correspond with the common expectations of experienced clinicians. The advantage of our newly developed measuring device, however, is the possibility it presents to register accurately and record objectively for the first time the magnitude and duration of tractive forces äs routine procedure. We judge this to be an important step toward a complete collection of data concerning the birth.
The clinical assessment of a vacuum extraction, especially its effects upon the child, can now be based upon measurable values; subjective miscalculations can be eliminated. It would be premature to make far reaching clinical conclusions äs a resült of these findings. This problem can be first solved after further prospective research in connection with catamnestic inquiries. A great number of questions still remain open: e. g. incidence of traumätic lesions, effects of the applied tractions upon the fetal heart rate, incidence of severe depression in vacuum extractions with a great FTL Our interest in this first analysis was centered upon researching force-time-relationships according to difFerent parameters such äs the level of the fetal head and birthweight.
Our findings to date lead to the following conclusions:
1. The FTI during the vacuum extraction clearly corresponds with the size of fetus and the level of the fetal head. 5. Severe depression which cannot be explained by acidosis and/or hypoxia is more often found after vacuum extractions with a great FTI. 3. Corning off of the suction cup was noted in our studies at a tractive force of more than 20 kp.
Summary 74 clinically indicated vacuum extractions were observed using our newly developed device for the measurement of tractive forces during vaccum extractions [4] , (Fig. 1) . The following parameters were evaluated:
length of the whole operative measure total duration of the applied tractions magnitude of the maximum tractive force number of individual tractions force-time-integral (FTI).
For extractions from the various pelvic planes the following mean values were found (pelvic inlet = PI/mid-pelvic plane = MP/pelvic floor = PF/pelvic outlet = PO): Fig. 2) . Tractions of more than 1500 kpsec were necessary only for extractions from higher pelvic levels. As the FTI increases, the relative portions of vacuum extractions from higher levels correspond almost inversely proportional to those from lower levels. The FTI correlates to birthweight äs well. The level of the fetal head and the birthweight are therefore the two most important parameters for the FTI of a vacuum extraction.
The risk of depression grows with an increasing FTI; 11 of the 74 newborns delivered by vacuum extraction were depressed. We have arbitrarily divided the degree of severity of a vacuum extraction into three groups:
1. Easy vacuum extraction up to 375 kpsec 2. Mildly difficult vacuum extraction 376-1125 kpsec 3. Difficult vacuum extraction 1126 and more kpsec.
It remains to be resolved whether the neonatal depression can be explained äs a result of the vacuum extraction or other causes. The blood pH-measurements of the umbilical artery enabled us to exclude a hypoxia äs a cause of depression in at least 4 of the total 11 cases. A connection between vacuum extraction and neonatal depression can be suspected.
We judge this method to be an important Step toward a complete collection of data concerning the birth. Subjective miscalculations can thus be eliminated in the future. (Fig. 2) et les tractions superieures a 1500 kpsec seulemcnt pour les extractions des detroits superieurs du bassin. Pour une IFT croissante, les portions relatives des extractions des detroits superieurs sont prcsqu'inversement proportionnclles a celles des detroits infcrieurs (Fig. 3) . L'EFT correspond aussi au poids du nouveau-. Le niveau de la tete du foetus et le poids du nouvcau-ne constituent, en conscquence, les deux paramatres essenticls pour TIFT d'une cxtraction obstetricale. Le risque d'un £tat d^pressif augmente avec une IFT croissante (Fig. 4) 
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